The South-Holland coast of the Netherlands undergoes the influence of the Rhine river plume released from the Rotterdam waterways. An experiment, STRAINS, was conducted to study the impact of the fresh water on the nearshore hydrodynamics and sand transport. As part of the experiment, an instrumented bottom frame measured the near-bed hydrodynamics at 12 m depth. The flow was decomposed in the tidal, wave and turbulent component. During moderate energetic wave conditions the cross-shore tidal flow was of similar magnitude as the wave orbital flow. The cross-shore tidal flow was asymmetric and larger in the seaward direction. The cross-shore tidal component may be generated by tidal straining due to the river plume.
INTRODUCTION
The Rhine River flows out into the North Sea near the Port of Rotterdam and the river plume creates a Region Of Freshwater Influence (ROFI) along the coast of The Netherlands (De Boer et al., 2006) . This area was the site of the recent STRAINS experiment (STRAtification Impacts on Nearshore Sediment transport) (Horner-Devine, in prep.) . The study region was located approx. 10 km to the North of the Port of Rotterdam at the Sand Engine nourishment (Stive et al., 2013) . See Figure 1 for an overview of the area. The Rhine ROFI plays a key role in the hydrodynamic circulation along the coast and the water column (Souza and Simpson, 1996) . The release of fresh river water generates stratification. In combination with the tide, this causes tidal straining and cross-shore velocity shear (De Boer et al., 2006) . The impact of these cross-shore currents on sand transport is unknown and was investigated by conducting field measurements.
As part of the STRAINS experiment, an instrumented bed-frame, named the NEMO lander, was deployed at -12 m NAP (Dutch datum at approx. mean sea level) in February 2013 for 21 days. Current profiles were estimated from a downward-looking ADCP (Nortek Aquadopp HR) mounted 50 cm above the bed. Current profiles throughout the water column were recorded from an upward-looking ADCP (Nortek Aquadopp). Near-bottom flow velocities were also measured with two ADVs (Nortek Vector) positioned 0.56 m above the bed and sampled with 8 Hz. The ADVs measured one after another with an overlap of 6 days. Other instruments (CTD, OBS, ADCP, LISST) were mounted on two additional frames and two additional moorings. Those measurement are not analyzed in this paper.
In this paper we focus on ADV measurements during the overlap period of 6 days. During this period the offshore wave height H s ranged between 0.5-1.4 m traveling from the northward direction. Salinity measurements indicated that the vertical water column was stratified and the density ranged from 1020 − 1025 kg/m 3 . The aim of this paper is to separate the flow velocity in the tidalȗ, waveũ and turbulent u components. The time overlap allows for the separation of the wave orbital velocity from the measured velocities using the method described by (Shaw and Trowbridge, 2001 ).
METHODOLOGY Tidal component
The time series was divided in consecutive windows of 10 minutes. The tidal component was determined by averaging over a consecutive window of 10 minutes:
where m is the mth discrete sample, n is the window counter and k is equal to the number of samples in a window, i.e. k = 10 × 60 × 8. Note that by definitionȗ(m) is constant within the window. The tidal component was subtracted from the 10 minute windows of the time series resulting in the combined wave and turbulent components:
Wave and turbulent component
The method described by (Shaw and Trowbridge, 2001 ) works when the wave motion between the ADVs was coherent and the turbulence was not coherent. The velocity u 2 of the second ADV was used to estimate the wave componentũ 1,ES T at the first ADV. A transversal filter h(m) was applied that represents the relation between the wave componentsũ 1 andũ 2 of the two ADVs. The weights of the filter h(t) were estimated by finding the ordinary least squares solution of Ah = u 1 . The matrix A was an M × N matrix of velocity u 2 where M was the number of samples and N the (uneven) number of filter weights. The matrix had the form:
The number of weights was approx. equal to the number of samples that constitute the peak wave period T p . By multiplying the matrix with the filter weights, the wave velocityũ 1,ES T at the first ADV was estimated:
and consequently the turbulent component was estimated:
Furthermore, the root-mean-square wave componentũ RMS was determined by averaging over the 10 min window; similar for the turbulent component u RMS . The analysis resulted in anȗ,ũ RMS and u RMS for every consecutive 10 min window. Figure 3 shows the flow components during the overlap period. The alongshore tidal velocity was 0.5 m/s in the northeast direction, coinciding with the propagating direction of the tidal wave, and 0.4 m/s in the southwest direction. The cross-shore tidal velocity was significantly larger in the seaward direction than in the shoreward direction. While the shoreward magnitudes ranged between 0-0.1 m/s, the seaward magnitudes were around 0.2 m/s. The cross-shore root-mean-square wave velocitiesũ RMS peaked just above 0.1 m/s during the more energetic wave conditions. The cross-shore root-mean-square turbulent velocities followed the alongshore tidal velocities and were not larger than u RMS ≤ 0.05 m/s. 
RESULTS

CONCLUSION
During the ADV overlap period, the alongshore tidal velocityv was dominant even during wave heights of H s = 1.4 m. However, the cross-shore wave velocityũ was of the same order of magnitude as the tidal velocity.
The cross-shore tidal velocityȗ was twice as large as the cross-shore root-mean-square wave velocitỹ u RMS . Since the cross-shore tidal velocityȗ was mainly directed seawards, it could be an important driver for the seaward (offshore) sediment transport.
It may be that the cross-shore tidal velocitiesȗ were generated by tidal straining. Further investigation is suggested to relate tidal straining, cross-shore tidal velocities and cross-shore sediment transport.
